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INTRODUCTION
Purpose: The American Joint Committee on Cancer (AJCC) recently released the breast cancer staging system, 8th edition, which included additional four biologic factors. However, there has been no external validation of the prognostic value of the new stages with different population-based databases. Methods: To validate the prognostic value of the new staging system in the Asian population, with a focus on Korean patients with breast cancer, we performed a retrospective study with data from the Korean Breast Cancer Society that included 24,014 patients with invasive ductal or lobular carcinoma who underwent surgery between January 2009 and January 2012 in Korea. The proportional differences were evaluated between the anatomic staging system (AJCC 7th edition) and the prognostic staging system (AJCC 8th edition, December 2017 published version). Comparisons of overall survival (OS) and disease-free survival (DFS) with Kaplan-Meier graphs and hazard ratios were also performed. Results: Our analysis included 24,014 patients (median age, 50 years; range, 20-91 years). Stage I, II, and III disease accounted for 47.6%, 43.5%, and 8.9%, respectively, of anatomic stages and 61.8%, 27.6%, and 10.8%, respectively, of clinical prognostic stages. A total of 6,272 cases (26.1%) were upstaged, 4,656 (19.4%) were downstaged, and 13,086 (54.5%) remained unchanged. OS and DFS decreased in the order from prognostic stages IA to IIIC but did not change among the anatomic stage groups. Conclusion: Our data suggests that the prognostic staging system provides superior prognostic value to the anatomic staging system in Korean patients with breast cancer. firm the effectiveness of this system. Therefore, we analyzed the prognostic value of the anatomic staging system (AJCC 7th edition) and the prognostic staging system (revised AJCC 8th edition) using data from the Korean Breast Cancer Society (KBSC).
METHODS

Study population
We performed a retrospective analysis of 49,248 patients who underwent surgery between January 2009 and January 2012 in Korea. Data from the KBCS were used. Patients with stage 0 cancer, stage IV cancer, and insufficient data were excluded, but those who were yp stage 0 (carcinoma in situ after neoadjuvant chemotherapy but initially invasive cancer) were included. Patients with invasive ductal or lobular and other (mucinous, medullary, and tubular) carcinomas were included, and patients who were treated with additional endocrine and/or systemic chemotherapy and were followed up for > 5 years were included. After application of these criteria, 24,014 patients were eligible for the analysis. This study adhered to the tenets of the Declaration of Helsinki. Because no personal information was contained in the KBCS data that were analyzed, this study was exempted from approval by the Institutional Review Board of the Samsung Medical Center in Seoul, Korea.
IDC= invasive ductal carcinoma; ILC= invasive lobular carcinoma; ER= estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer. *Median (range). 
Data analysis
Anatomic and prognostic staging were evaluated according to the 7th and 8th editions of the AJCC staging manual, respectively [6, 8] . Data were analyzed using SPSS software version 19.0 (IBM Corp., Armonk, USA). Disease-free survival (DFS) was calculated from the day of surgery to the day of ipsilateral locoregional relapse or distant metastasis or censored at the last follow-up. Overall survival (OS) was calculated from the day of surgery to the censored day owing to any cause. The Kaplan-Meier method and log-rank test were used to calculate the 5-year DFS or OS. A Cox proportional hazards model was constructed, and hazard ratios with corresponding 95% confidence intervals were calculated. p-values of < 0.05 were considered statistically significant.
RESULTS
Patient characteristics
Data of 24,014 patients were used in the analysis. Table 1 shows the baseline characteristics of the included patients and their distributions according to the 7th and revised 8th editions of the AJCC manual. The majority of patients were women, and the median age was 50 years. Invasive ductal carcinoma was found in 93.4% of patients, and the majority of tumors were histologic grade 2, ER-positive, PR-positive, and HER2-negative. Regarding the subtype, 61.8% of the tumors were luminal A-like subtype, and all other types were evenly distributed. The luminal B-like subtype was considered ER-positive and HER2-positive. We could not adopt the HER2-negative luminal B definition of the 2013 St. Gallen Consensus Conference [8] owing to incomplete Ki-67 data. The majority of patients were treated with radiotherapy, hormonal therapy, and adjuvant chemotherapy, and only 18.1% of patients were treated with targeted therapy.
By the anatomic staging system, 45.8% of the tumors were stage IA, and by the clinical prognostic staging system, 39.3% of the tumors were stage IA. Conversely, by the anatomic staging system, 1.8% of the tumors were stage IB, and by the prognostic staging system, 22.5% of the tumors were stage IB. The percentages of stage IA, IIA, IIB, IIIA, and IIIC tumors were lower after the prognostic stage classification than after the anatomic stage classification. Moreover, the distributions of IB
Survival outcomes
OS and DFS were compared according to the 7th and 8th AJCC staging systems. In the anatomic stage group, patients with IIA tumors showed higher survival rates than those with IB tumors, and patients with IIIC tumors showed higher survival rates than those with IIIB tumors ( Figure 1A and 1B) . In the clinical prognostic stage group, OS and DFS decreased by stage, from stage IA to IIIC ( Figure 1C and 1D ). The C-index according to OS and DFS was higher in the clinical prognostic stage group than in the anatomic stage group. We next determined the hazard ratio of 5-year OS and DFS for each stage using stage IA as the calculation reference (Table 3 ). The hazard ratio of OS and DFS increased with stage, from IA to IIIC, in the clinical prognostic stage group but not in the anatomic and IIIB tumors increased according to the prognostic stage classification compared with the anatomic stage classification. Table 2 shows the distribution of clinical prognostic stages in each anatomic stage. A total of 6,272 patients (26.1%) were upstaged, 4,656 (19.4%) were downstaged, and 13,086 (54.5%) cases remained unchanged. Anatomic stage IA had the highest percentage of patients who remained unchanged (82.4%); however, group IB had the greatest frequency of upstaging (82.6%) and group IIIB had the greatest frequency of downstaging (26.1%). stage group. We also analyzed the hazard ratio of 5-year OS and DFS among patients who were treated with neoadjuvant chemotherapy (Table 4 ). The hazard ratio did not show a statistical difference between the anatomic and clinical prognostic stage groups in the IIA cohort.
Differences between results of the anatomic and prognostic staging systems
Pathologic prognostic stage
According to revised 8th AJCC manual, the prognostic stage is divided into clinical and pathologic stages. The clinical prognostic stage applies to the classification of all patients, but the pathologic prognostic stage does not apply to patients who are treated with systemic or radiation, prior to surgical resection [7] . Therefore, we performed a Kaplan-Meier analysis of the pathologic prognostic stage and exempted patients who were treated with neoadjuvant chemotherapy (Figure 2 ). The C index was higher for DFS than for OS, but the disparity in each stage was clearer for OS than for DFS.
In addition, we analyzed the distributional discrepancies between the clinical and pathologic prognostic stages according to each anatomic stage (Table 5) . We observed some consistent cases in addition to inconsistent cases. For patients classified as anatomic stage IA, 96.9% were consistent and 3.1% were inconsistent between the clinical and pathologic prognostic stages. However, anatomic stage IIA showed the highest inconsistency rate (82.7%) among the anatomic stages. There was a greater tendency for upstaging in the pathologic prognostic stage classification than in the clinical prognostic stage classifications across each anatomic stage, with a few exceptions. For anatomic stage IIB, the clinical prognostic stage IB was downstaged to pathologic prognostic stage IIB (one patient) and clinical prognostic stage IIB to pathologic prognostic stage IIIA (one patient). Moreover, 67 patients were 
DISCUSSION
The 7th AJCC staging system is used worldwide because anatomy is a key prognostic factor for cancer, and anatomicbased staging will remain critically important in the future [9] . However, our evolving knowledge of breast cancer biology and the increasing number of valid prognostic biomarkers generated the need for a new prognostic staging of the 8th AJCC staging system [6] . Significant differences have been observed in the treatment responses and long-term outcomes of different breast cancer subtypes [10] [11] [12] . ER, PR, and HER2 are pivotal factors used to identify breast cancer subtypes [13, 14] , and these factors are also important for determining the prognostic stage. Although several studies have validated the 8th edition of the AJCC staging system in patients with breast cancer [15] [16] [17] , the prognostic value of this system has not been transnationally validated across a large number of patients. Our study performed a transnational validation of > 20,000 patients. Furthermore, our data validated the revised 8th edition of the AJ CC staging system. Previous studies have analyzed data using the first issue of the 8th AJCC staging system, which had missing data [18] , and thus raised questions about their validity.
Compared with the anatomic stage, the clinical prognostic stage was upstaged for 26.1% of patients and downstaged for 19.4%. This result differs from those of previous studies. For instance, Weiss et al. [16] reported that the prognostic staging system was upstaged for 29.5% of patients and downstaged for 28.1%. In addition, Winchester [19] reported a near-equal split between patients who were upstaged (20.0%) and those who were downstaged (20.6%). Possible explanations for these discrepancies include ethnic differences or differences in the distributions of each anatomic stage. In our study, 1.8% of patients were anatomic stage IB, whereas only 0.4% were anatomic stage IIIB. Patients of anatomic stage IB and IIIB showed lower survival rates than those of anatomic stage IIA and IIIC, respectively, in the Kaplan-Meier plot, but such differences were not observed in the clinical prognostic stage. This was because the number of patients who were anatomic stage IB and IIIB was small, and the clinical prognostic stage provides a more accurate prognostic value than the anatomic stage.
A previous study with a large number of American patients showed that the prognostic stage provided a more accurate prognostic value than the anatomic stage, although they analyzed data only for DFS [16] . In our results, both OS and DFS showed statistical significance, but OS presented clearer differences than DFS at each stage. In addition, the hazard ratios of OS and DFS were statistically meaningful in all patients, regardless of the anatomic and prognostic stages. However, the hazard ratio did not show statistical differences in anatomic and prognostic stage IIA among patients who were treated with neoadjuvant chemotherapy. The tumor response after neoadjuvant chemotherapy should strongly correlate with patient survival [20] , and the combination of tumor size and nodal status after neoadjuvant treatment is a prognosticator [21] . Therefore, we hypothesize that the lack of statistical differences in stage IIA hazard ratio does not mean no importance but suggests no survival differences among patients with stage IA, IB, and IIA tumors after neoadjuvant chemotherapy. Implementation of the 8th AJCC staging system for patients treated with neoadjuvant chemotherapy needs additional validation, especially for those in stage IIA.
Unlike the first issue of the 8th AJCC staging system, the second issue contains information related to the pathologic prognostic stage. This could be useful in a developing country, where systemic or radiation therapy is not widely used. However, the difference between the pathologic and clinical prognostic stages remains unknown. The percentage of inconsistencies between the pathologic and clinical prognostic stages was the highest in patients of anatomic stage IIA (82.7%) and the lowest in those of stage IA (3.1%) ( Table 5 ). The question remains whether such inconsistencies represent a changeable prognosis group according to additional systemic or radiation therapies, and thus, additional investigations into these discrepancies are needed.
One limitation of our study is that we did not have Oncotype Dx TM data. As stated in the 8th AJCC staging system, any patient with T1-2, N0, M0, ER-positive, and HER2-negative statuses and an Oncotype Dx TM score of ≤ 10 belongs to prognostic stage IA. Additional validation with Oncotype Dx TM data is needed. Another limitation is that our study did not have access to additional large patient cohorts. We initially collected data of 113,485 patients from the KBSC from April 1990 to January 2012. However, we only used the data collected after 2009 when the accurate measurement of the HER2 status was possible. Moreover, the number of patients remarkably decreased after the implementation of our exclusion criteria. Although the number of patients decreased, the reliability of our study increased.
In conclusion, our data suggest that the prognostic staging system provides superior prognostic value over the anatomic staging system in Korean patients with breast cancer.
